Pancreatic exocrine function has been reported as depressed during the acute stage of protein-caloriemalnutrition and, though recovery was rapid in most patients, abnormalities persisted in some (Barbezat and Hansen, 1968) . Several other investigators indicated that carbohydrate metabolism was disturbed in patients suffering from kwashiorkor (Bowie, 1964; Baig and Edozien, 1965; Hadden, 1967; Hopkins, Ransome-Kuti, and Majaj, 1968; Carter et al., 1968; Wharton, 1970) . A tendency to hypoglycaemia is common, yet oral glucose tolerance tests showed a delayed but sustained response, and the disappearance rate of glucose after intravenous administration was retarded. Fasting serum insulin levels have been reported as low (Baig and Edozien, 1965) , normal, Received 3 May 1971. or high (Hadden, 1967) , and the serum insulin response after oral or intravenous glucose was diminished in the majority of cases (B. L. Pimstone, 1969, personal communication) . Persistent impairment of insulin secretion and glucose tolerance after recovery from kwashiorkor has been reported (Cook, 1968; James and Coore, 1970) . In marasmus on the other hand, intravenous glucose tolerance tests were normal (Bowie, 1964) . Adult pellagrins showed a diminished glucose tolerance both after oral and intravenous tests (Gillman and Prinsloo, De Bi not differ significantly at either period, though the pellagra patients generally had higher values than the kwashiorkor group. The differences in glucose tolerance of the two groups could have been due to variations in the time of gastric emptying and the rate of absorption.
To exclude these possibilities and also since no other comparisons of glucose utilization between kwashiorkor and pellagra patients seemed to have been done, it was decided to compare the rate of glucose disposal and the serum insulin responses after intravenous tolerance tests in such patients.
Subjects and Methods
The kwashiorkor group consisted of 16 hospitalized patients (11 male and 5 female) manifesting the typical signs of kwashiorkor, including oedema. Patients who appeared moribund on admission were excluded. The pellagra group comprised 15 children (9 male and 6 female) with classical pellagrous skin lesions in the absence of oedema.
Therapeutic regimen. The kwashiorkor patients were given full-strength full-cream milk, additional potassium (300 mg 4 times a day) until disappearance of oedema, tetracycline phosphate syrup (40 mg/kg per day divided into 4 doses) for 5 days, ferrous sulphate 300 mg 3 times a day, 5-0 ml standard multivitamin syrup daily, and the general ward diet as soon as the patients were willing to eat. The pellagra patients received the ward diet (including milk), nicotinamide tablets 50 mg 3 times a day as well as a standard multivitamin tablet 3 times a day. All patients were weighed on admission and daily thereafter. The body weight on admission and after recovery was expressed as a percentage of the expected weight (Boston 50th centile value-Nelson, 1964 5, 15, 30, 45 , and 60 minutes after glucose injection for the determination of blood sugar and insulin levels. Insulin and glucose concentrations were determined as previously described (Prinsloo et al., 1971) , using the methods of Hales and Randle (1963) , and Hoffman (1937) . The disappearance rate of glucose after intravenous injection (K value) was calculated as described by Lundbaek (1962) . Total serum proteins were estimated according to the biuret method of Weichselbaum (1946) , and albumin was calculated after electrophoresis was carried out with the aid of the microzone cellulose acetate method, using the model R100 Spinco-Beckman microzone cell, and read on the microzone scanning attachment. The tests were repeated between 4 and 5 weeks after admission to hospital (recovery). The values of the kwashiorkor and pellagra ruin, and Kruger groups on admission as well as after recovery were compared for significant differences using the WilcoxonMann-Whitney two-tailed U test (Siegel, 1956) The results of each group were also tested for significant differences from admission to recovery by means of the Wilcoxon matched-pairs-signed-ranks test (Siegel, 1956) . In all tests a probability P <0-05 was regarded as significant.
Results
The average and median values for age, weight, percentage expected weight, Hb, serum albumin, blood glucose, serum insulin, and glucose disappearance rate (K value) in kwashiorkor and pellagra groups can be seen from the Table. The median values are also presented since outflyer values influenced the averages significantly, especially in the case of insulin concentrations. The median blood glucose and serum insulin concentrations were therefore used to construct Fig. 1 and 2, representing the responses of the two groups graphically. The results of the statistical tests are also shown in the Table. As could be expected, the kwashiorkor patients On admission the kwashiorkor group's decline of blood glucose concentrations after glucose injection was slower between 15 and 60 minutes than that of the pellagra group; the differences were significant, however, at the 45-and 60-minute intervals only. The fasting blood sugar values of the two groups were similar at this stage. In accordance with the delayed decline of blood sugar levels, the initial median K value of the kwashiorkor group was 182 in comparison with 2-57 for the pellagra group, the difference being significant (P <0 05). Though the K values of the 2 groups did not differ significantly after recovery, the kwashiorkor group had significantly lower blood sugar values (including the fasting level) than the pellagra group at all stages except at the 30-minute interval of the tolerance test, in contrast to having had values higher than the pellagra patients at 30, 45, and 60 minutes on admission. In the case of the kwashiorkor group, the glucose assimilation rate (K value) was significantly better after recovery (median value 2 58) than initially (median value 1 * 82). This is also exemplified by the significantly lower blood sugar concentrations of the kwashiorkor group at 30, 45, and 60 minutes in comparison with their respective admission values. The pellagra patients' fasting blood sugar levels were significantly higher on recovery than initially, while their other glucose values were similar, including the glucose assimilation rate which was normal at both periods.
On admission the serum insulin response of the pellagra patients tended to be higher than that of the kwashiorkor group (see median values). At this stage the insulin values of the two groups differed significantly at 5, 15, and 30 minutes. The insulin levels of both groups showed no significant difference from admission to recovery, neither was any difference found between the two groups after recovery. The kwashiorkor group had, however, generally higher values after recovery than initially, and the response at 5 minutes just missed significance, mainly due to a lesser (but still normal) response of 2 of the patients. No correlation between serum insulin and albumin concentrations was found. (K value) normally varies between 1 * 7 and 3 -9, and after the first days of life remains constant throughout childhood up to puberty (Loeb, 1966) . The initial mean K value of 1 61 for the kwashiorkor group in the present study is very near to the value of 1 55 reported by Bowie (1964) from Cape Town. The ability of the kwashiorkor group to dispose of glucose improved after recovery, as exemplified by the rise in K values and the significant lower mean blood sugar levels of 146 * 4, 100 * 4, and 87 * 4 mg/100 ml at 30, 45, and 60 minutes, respectively, in comparison with 177 1, 143 6, and 129 5 mg/ 100 ml at comparable intervals on admission. In fact, after recovery the kwashiorkor group had significantly lower blood sugar levels than the pellagra patients at all stages except 30 minutes. Furthermore, the insulin concentrations of the two groups did not differ appreciably at any stage after recovery, whereas the kwashiorkor group had significantly lower levels at 5, 15, and 30 minutes initially. However, though the median insulin concentrations of the kwashiorkor patients were higher after recovery than on admission, especially at 5 and 15 minutes, the improvement in glucose tolerance could not be definitely related to insulin secretion, since their insulin values did not differ significantly from admission to recovery. In contrast the pellagra patients generally had, both on admission as well as after recovery, normal and similar glucose tolerance tests, K values, and insulin responses. No suitable explanation can be offered for their higher fasting blood sugar levels after recovery in comparison with their initial levels. It is probable that in kwashiorkor severe depletion of body potassium (Garrow, Smith, and Ward, 1968) is an important contributory cause towards impaired glucose disposal. Potassium deficiency is known to diminish glucose utilization (Gardner et al., 1950; Kinsell, Balch, and Michaels, 1953) . Furthermore, patients with primary hyperaldosteronism and potassium deficiency had impaired carbohydrate tolerances which returned to normal after removal of the adrenal tumours (Conn, 1964 In marasmus there is a normal proportion of potassium to body weight (Garrow, et al., 1968 ) and a normal carbohydrate tolerance (Bowie, 1964) . Pellagra subjects, being non-oedematous and less acutely ill than kwashiorkor patients, are presumably not potassium deficient and, like marasmic children, have normal glucose tolerances. Our results concerning the kwashiorkor patients, namely a return towards normality of glucose assimilation and insulin response after recovery, seem to be contradictory to the reports of James and Coore (1970) , and Cook (1968). Cook's patients who had had kwashiorkor do not, however, seem to have been in good health at the time of study since 45% had parotid enlargement, 26% had splenomegaly, and 19% had hepatomegaly. James and Coore (1970) in fact showed that patients who had recovered from protein-calorie-malnutrition had an improved average insulin response, though it was less than that of a group of 5 normal children. The insulin data were apparently not subjected to statistical analyses. Furthermore, there is a wide range of insulin values at any one sampling time and the data do not have a normal distribution. Welbom et al. (1966) thus suggested that log insulin values, which are normally distributed, be used. Since the median values are not influenced by extremes and are unrelated to the skewness of the curve, they were tabulated in addition to the average values in the Table, and were used for the construction of Fig. 2 . It is probable that graphs and tables based on average insulin values are not fully representative of the true state of affairs. However, the improvement in glucose utilization which took place on recovery of the kwashiorkor group, as well as the low incidence of diabetes mellitus in the Bantu (Walker, 1966) , cast doubt on the concept of permanent impairment of pancreatic endocrine function as a result of proteincalorie-malnutrition.
